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Abstract
Faecal calprotectin (FC) level can be increased in several conditions, which are characterised by neutrophilic inflammation. 
Some medications, particularly NSAIDs, can elevate its level as well. NSAIDs are taken by patients in many chronic conditions, includ-
ing osteoarthritis (OA). 
On the other hand, there is growing evidence that osteoarthritis is not only a degenerative disease, but it has a significant inflam-
matory component. The role of systemic inflammation is well-known in inflammatory joint diseases, but there is some evidence that 
it can play an essential role in the OA as well. It can suggest that in the OA, the inflammatory changes could be found in the different 
organs and systems.
The aim of this study was to investigate the FC level in patients with osteoarthritis depending on the NSAIDs intake and to 
compare it to the FC levels in healthy adults.
Materials and methods. In this small observational study, we evaluated the FC levels in patients suffering from OA (36 per-
sons), divided them into two groups depending on their NSAIDs intake, and compared it to FC levels in healthy participants (12 persons). 
We compared the FC levels depending on the selectivity of the NSAIDs taken by our participants, as well.
Results. The median calprotectin level in our patients was 72.57 (IQR 20.55–221.57) mg/kg, 95 % CI 26,18–109.01. OA 
patients had higher levels than the healthy group (p<0.001). OA patients who took NSAIDs had the highest FC levels – 221.57 
(IQR 91.56–448.61) – higher, than those who did not take it – 72.57 (IQR 35.26–164.79) (p=0.03) and than healthy participants, who 
has normal FC levels (p<0.001); the FC levels of patients who did not take NSAIDs also exceeds healthy subject’s levels (p<0.001). The 
FC levels in the collective group have a sufficient positive correlation with the duration of NSAIDs intake, VAS score and strong cor-
relation with Lequesne index values. We found that both NSAIDs groups have a significantly greater prevalence of elevated or high 
FC levels than the control group (p<0.001) and that NSAIDs patients significantly more often have high FC levels than those who do 
not take NSAIDs (p=0.035). When comparing FC levels in patients depending on the type of NSAIDs they take, we found that those 
who take non-selective NSAIDs has significantly higher FC levels than those who do not take NSAIDs – 264.1 (IQR 89.72–464.67) to 
25.65 (IQR 19.5–75.33) (p=0.0003). The FC levels of who take selective NSAIDs – 98.53 (91.56–105.5) – did not differ significantly to 
non-selective NSAIDs taker’s group values and non-selective NSAIDs taker’s values (p>0.05).
Conclusions. Patients who suffer from OA have higher FC levels than healthy individuals, and patients with OA who take 
NSAIDs regularly have higher FC levels than those who do not. The intake of non-selective NSAIDs is associated with higher FC levels, 
than the intake of high-selective NSAIDs. FC levels of those who take high-selective NSAIDs do not differ statistically from those who 
do not intake NSAIDs. Further research is needed in this area.
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1. Introduction
NSAIDs are a group of medications that are commonly used by patients. It is well known 
for its harmful influence on the gastric mucosa, but it can affect any part of the gastrointestinal 
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tract and can include a broad spectrum of gastrointestinal lesions [1, 2], including NSAID-induced 
enteropathy [3]. We described it in more detail in our last article [4]. These lesions are asymp-
tomatic but can cause malabsorption, chronic protein, blood loss, and even, sometimes, intestinal 
obstruction [5, 6]. Commonly they can be found at videocapsule endoscopy, but several biomarkers 
can be used to find out if the NSAIDs-induced mucosal injury appeared. One of them is faecal 
calprotectin (FC).
Calprotectin is a cytosolic, calcium- and zinc-binding protein that can be found in neu-
trophils (predominantly), macrophages, and endothelial cells. The FC level relates quantitatively 
to acute intestinal inflammation [7]. The FC level can be elevated in several conditions, such as 
inflammatory bowel disease, coeliac disease, bacterial gastroenteritis, gastrointestinal tumours, 
diverticular disease, liver cirrhosis, or treatment with NSAIDs. It was shown that NSAIDs in-
crease FC levels in 75 % to 95 % healthy individuals after two weeks of diclofenac plus omepra-
zole intake in therapeutic doses [8, 9]. Other studies showed ibuprofen, celecoxib or naproxen, 
and omeprazole to increase FC levels. Many other investigations and reviews prove the NSAIDs 
influence on the FC level [10, 11]. There are little evidence suggesting that acetaminophen does 
not alter FC levels [12].
One of the largest groups of patients taking NSAIDs are those suffering from osteo-
arthritis (OA). Many of them are aware of the negative influence of these medications on the 
stomach and trying to control it via controlling the symptoms of gastritis. The doctor can con-
trol it relatively easily, using upper endoscopy. However, there are no commonly used methods 
in clinical practice for controlling the lower intestinal side effects. Moreover, they are com-
monly asymptomatic [4, 13]. The faecal calprotectin can be the suitable marker of NSAIDS- 
induced lesions of the lower GI tract in patients who do not have other conditions that lead to 
its increase in the stool. It is also recognised as a biomarker to distinguish organic intestinal 
diseases from functional ones [14, 15]. On the other hand, in light of the new concept about 
low-grade inflammation subtype of OA, hypothetically, there can be inflammatory changes 
found in those patients, including high FC levels. Presently, there is a lack of knowledge on 
how often the FC level appears to be increased in patients with osteoarthritis taking NSAIDs 
and how high is its level in these patients.
The aim of this study was to investigate the FC level in patients with osteoarthritis who 
takes NSAIDS depending on the NSAIDs intake and to compare it to the FC levels in heal- 
thy adults.
2. Materials and methods
We conducted the study from April 2018 to April 2019 based on Department of Therapy, 
Infectious Disease and Dermatology Postgraduate Education of Bogomolets National Medical 
University (Kyiv). Stool samples were collected from consenting 36 patients who suffer from 
osteoarthritis (OA patients). Samples were selected and obtained from patients of Kyiv clinics 
and hospitals. The criteria of inclusion were instrumental-verified osteoarthritis of any joint (any 
X-ray stage). The exclusion criteria were: antibacterial medications, biologicals, sulphasalazine, 
misoprostol, bisphosphonates or laxatives at least for three months before study, verified or sus-
pected structural diseases of the gastrointestinal tract such as inflammatory bowel disease, the 
malignancy of the gastrointestinal tract, intestinal infections, spondyloarthropathy, and seroneg-
ative arthritis, immunological disorders and an anamnesis of gastrointestinal surgery (except 
appendectomy or cholecystectomy). All the patient’s pathologies were not known as a sources of 
high FC levels.
The study design was approved by the Commission on Bioethical Examination Questions 
and Ethics of Scientific Researches of Bogomolets National Medical University. The research in-
cluded the Informed Concern Form, was not contained increased risk for study subjects and was 
conducted in conformity with the principles of the Helsinki Declaration of General Assembly of 
the World Medical Association (1964–2000) and the laws of Ukraine.
The mean age ± standard deviation of patients was 59.63±14.11 years, minimum and maxi-
mum age was 34 and 85 years, respectively. Between patients, there were fewer men (13–36.11 %) 
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than women (23–63.89 %); the difference was statistically significant (p=0.033). All patients were 
divided into two groups: 1) patients taking NSAIDs regularly (NSAIDs group), 18 subjects, and 2) 
patients not taking NSAIDs (those who takes in less than once a week, or have taken them system-
atically, but cancelled more than two weeks before examination) (no NSAIDs group), 18 subjects 
(Table 1). Among patients 22 were normal to overweight (61.1 %), two patients (5.6 %) were un-
derweight, and 12 persons (33.3 %) had obesity of different degrees; the difference is statistically 
significant (p<0.05). All patient’s anamnesis of disease were detected for exclusion criteria. They 
were consulted and got instructions before passing stool tests. The samples were immediately col-
lected and frozen (–20 °C). Patients from the no NSAIDs group did not take medications before the 
stool test (for headache, relief, instead). 
Table 1
Characteristics of groups
Group n:  men; women
%:  
men; women
Average age±SD,  
years
NSAIDs (n=18) 9; 9 50; 50 59.44±12.95 years
No NSAIDs (n=18) 4; 14 22.2; 77.8 59.82±15.64 years
There was not found a significant difference in the number of patients, average age, gender 
composition, or body mass index (BMI) found between ОА groups (p>0.05).
We recruited 12 healthy individuals (five men, seven women) as a control group.
Faecal calprotectin analysis and the stool sampling procedure
FC was determined by the RIDASCREEN® Calprotectin assay on Rayto RT-2100C reader. 
50 mg/kg FC level was set as a positive value. The stool preparation was organised according to the 
recommendations of the kit manufacturer. The lower limit of detection was 19.5 mg/kg, the higher 
limit – 800 mg/kg.
All statistical analyses were conducted using EZR software v. 1.38 (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foun-
dation for Statistical Computing, Vienna, Austria) [16]. We used the Kruskal-Wallis test adjusted 
by the Steel-Dwass amendment and Spearman’s rank correlation test for non-parametric data and 
ANOVA analysis adjusted by the Tukey amendment for parametric tests. For qualitative data, we 
used Fisher’s exact test adjusted by the Bonferroni amendment.
3. Results
The median FC level in our patients was 72.57 (IQR 20.55–221.57) mg/kg, 95 % CI 26.18–
109.01. The results of FC levels in separate groups are shown in the Table 2 and Fig. 1.
Table 2
Medians of FC levels in groups
Group Median (IQR),  mg/kg
95 %CI,  
mg/kg
NSAIDs (n=18) 221.57 (91.56–448.61) 91.56–448.61
no NSAIDs (n=18) 72.57 (35.26–164.79) 35.26–164.79
Healthy control (n=12) 19,5 (19.5–20.975) 19.5–22.45
The FC level was statistically different in these groups. Generally, OA patients showed sig-
nificantly higher FC level than healthy subjects. The FC level was the highest in the group taking 
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NSAIDs, the medium-high – in the group that was not taking NSAIDs and appeared to be normal 
in the control group.
We performed the comparison of visual analogue scale (VAS), Lequesne index, body mass 
index (BMI), and Bristol scale values, as potential confounders, between OA groups. None of them 
was statistically different (р>0.1). 
Fig. 1. Box-and-whisker plot of FC levels in study groups  
(bar=median, box=IQR, whiskers=range, circles=outliers)
Correlations
Then, we checked the correlation between indicators. We found the positive moderate-pow-
er correlations between the FC levels and the age (Spearman rank correlation coefficient ρ=0.532, 
p<0.000117), between the FC levels and the VAS score (ρ=0.554, p=0.000117), between the FC lev-
els and the time during which patients took NSAIDs (ρ=0.479, p=0.00267) and the strong positive 
correlation between the FC levels and Lequesne index (ρ=0.758, p<0.0001). We have not found the 
correlation between the FC levels and the Bristol scale or BMI (p>0.05).
Qualitative comparisons
We have checked the difference in frequencies of aspirin intake, statin intake, frequencies 
of detection of joint pain, stiffness, crepitations, and loose stools, and have not found the statisti-
cally significant difference in it (p>0.1). However, we found out that patients who took NSAIDs 
used proton pump inhibitors (PPI) significantly more frequently than healthy patients (p=0.03); 
there was no difference between OA groups in PPI intake or between those do not taking NSAIDs 
and healthy control (p>0.1). The OA groups were comparable by the frequency of concomitant 
pathology of gastrointestinal tract and joints (р=0.39), and by the frequency of symptoms from the 
gastrointestinal tract (р=0.96).
Next step, we checked if there is a difference in the frequency of FC elevation in the groups. 
We divided the elevation of the FC level into three groups based on the degree of increase of 





















its level. The reference values were 19.5–49.9 mg/kg for normal, 50–199.9 mg/kg for elevated, 
200 mg/kg and above for high level. The results are shown in the Fig. 2.
We found that the high FC levels are more common in patients taking NSAIDs than in 
those who do not (р=0.035, OR=5.91 [95 % CI 1.102–43.330]). The difference in other FC levels 
of OA groups was not significant, but both OA groups are very different from the healthy control 
(p<0.001) and did not differ significantly among themselves (p>0.05). 
Fig. 2. The frequency of detection of different FC levels in the studied groups, %:  
* – the difference comparing to the healthy group is statistically significant (p<0.01);  
** – the difference comparing to the healthy group is statistically significant (p<0.001);  
# – the difference comparing to the high FC level in no NSAIDs group is statistically significant 
(p=0.035)
Dependence on the NSAIDs type
The last step, we divided all participants into three groups according to the selectivity 
of NSAIDs they take (or do not take). Because our patients took different NSAIDs of all types 
(high-selective, semi-selective and non-selective), we equated semi-selective drugs to selective 
ones and the group of those who do not take NSAIDs we combined with a healthy group. The re-
sults are shown on the Table 3 and Fig. 3.
Table 3
Medians of FC levels in groups depending on the type of NSAIDs used, p<0.001
Group Median (IQR),  mg/kg
95 %CI,  
mg/kg
no NSAIDs (n=30) 25.65 (19.5–75.33) 19.5–69.92
High-selective NSAIDs (n=2) 98.53 (91.56–105.5) 91.56–105.5
Non-selective NSAIDs (n=16) 264.1 (89.72 –464.67) 103.66–448.61
The difference in FC levels appeared to be significant only between non-selective NSAIDs 
and no NSAIDs group (p=0.0003). 
In the PPI intake, the difference was statistically significant only between non-selective and 

















Fig. 3. Box-and-whisker plot FC levels in study groups according to the NSAIDs selectivity
4. Discussion
We found FC levels to be elevated the most in patients suffering from osteoarthritis and 
taking NSAIDs. OA patients who do not take NSAIDs have nearly three-times lower FC values, 
and healthy patients have normal FC values. Our results match the results of other investigators [8, 
10], where participants, even healthy, who took NSAIDs, had similar FC values. The wide range 
in the FC values in NSAIDs group can be explained by different time the patients takes NSAIDs, 
as well as different NSAIDs types and individual characteristics of the separate patients. Need to 
notice that, in the study where healthy participants were given NSAIDs, some participants had their 
FC levels returned to normal even during 14-days NSAIDs intake [17]. The correlations we found 
seems to be mediated by NSAIDs intake. 
We found the difference in the prevalence of PPI intake between OA groups. It can be the 
result of presence of other reasons in patients that did not take NSAIDs: some patients had condi-
tions requiring PPI intake, such as GERD, another did not take NSAIDs for more than two weeks, 
but took PPI as a treatment for previously acquired NSAIDs-induced gastric ulcers. 
Almost every third of OA patients in our investigation has high FC levels. According to 
literature data, high FC levels are associated with the presence of an undiagnosed gastrointestinal 
pathology. These patients should be investigated using endoscopic investigation methods. We have 
referred these patients to perform the colonoscopy. 
We found the difference between FC levels in those who took non-selective NSAIDs and those 
who did not take any, but we did not manage to find any difference between FC levels in those who 
took high-selective NSAIDs and any other groups. On the other hand, this may be due to the little 
influence of high-selective NSAIDs on the intestine [18, 19], at least, with the short-term intake [20].
According to our results, there is no clear association between FC level and NSAIDs intake. 
As we can see from other studies, the FC level elevation due to the NSAIDs intake depends on the 
NSAIDs selectivity, and FC levels on the same equivalent dose of medication vary greatly [12]. 
This variation can be explained by other factors, including intestinal microbiota composition. Our 








Study limitations. This study was limited to patients suffering from the OA, and, thus, 
patients of the older age group. This study has a crossectional design, so it is limited in determining 
the causal relationships of the influence of the NSAIDs intake on FC elevation. We tried to check 
the influence of all possible factor on the FC levels, but some factors could be missed. The number 
of patients, especially those taking high-selective NSAIDs, was not large enough to find out all 
possible interconnections.
Prospects for further research. Further studies, including prospective ones, involving a 
more significant amount of subjects, especially those who take high-selective and half-selective 
NSAIDs, are needed to clarify the difference in the influence of NSAIDs of the different selectivity 
on the FC levels in studied category of patients.
5. Conclusions
The median FC level in our patients was 72.57 (IQR 20.55–221.57) mg/kg, 95 % 
CI 26,18–109.01. 
І. OA patients had higher FC levels than the healthy group (p<0.001). OA patients who took 
NSAIDs had higher FC levels than those who did not take NSAIDs – 221.57 mg/kg (IQR 91.56– 
448.61) and 72.57 mg/kg (IQR 35,26-164,79) respectively (p=0.03). The healthy participants had 
normal FC levels, and it differs from those who do not take NSAIDs (p<0.001). The FC levels have 
a sufficient positive correlation with the duration of NSAIDs intake, VAS score, and strong positive 
correlation with Lequesne index values. 
ІІ. When comparing FC levels in patients depending on the type of NSAIDs they take, we 
found that those who take non-selective NSAIDs have higher FC levels than those who do not 
take NSAIDs – 264.1 mg/kg (IQR 89.72–464.67) and 25.65 mg/kg (IQR 19.5–75.33) respectively 
(p=0.0003). The FC levels of those who take selective NSAIDs – 98.53 mg/kg (91.56–105.5) – 
did not differ significantly to FC levels in non-selective NSAIDs taker’s group and no-NSAIDs 
group (p>0.05).
Further research is needed in this area.
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